Background: Low back pain (LBP) is an extremely frequent reason for patients to present to an emergency
is some evidence to suggest that interventions can reduce the use of simple imaging in LBP in the ED; however, a shift in imaging modality has also been demonstrated. Additional studies employing higher-quality methods and measuring intervention fidelity are strongly recommended to further explore the potential of ED-based interventions to reduce image ordering for this patient population. L ow-back pain (LBP) is a frequent presentation to the emergency department (ED). 1, 2 While some ED studies indicate that serious medical conditions among patients presenting to the ED with LBP are sufficiently common (5%), 3 other studies have reported that over 60% of LBP presentations to the ED are "benign" or "nonspecific" 1 as they lack the concerning (so-called "red flags") symptoms used to identify highrisk patients described in various guidelines. 4, 5 Clinical practice guidelines (CPG) [4] [5] [6] and several international campaigns 7, 8 recommend that lumbar spine imaging be avoided in the ED for adults with nontraumatic LBP in the absence of these red flags. This recommendation is supported by various studies, including a review that reported no difference in health outcomes between those LBP patients who obtained imaging and those who did not. 9 Imaging is also associated with increased exposure to radiation, 10, 11 prolonged wait time, 12 increased ED length of stay, 13 more invasive procedures of limited or questionable benefit, 14 and increased costs to the health care system. [15] [16] [17] In addition, overtesting can result in over-diagnosis and overtreatment, which can further increase costs and reduce quality of care for patients. 18 Despite these concerns, the use of simple and advanced imaging for LBP presentations remains high. 1, 19 Although some evidence suggests that patients with LBP in the ED are appropriately imaged based on the American College of Radiology appropriateness criteria, 20 other studies have reported that 30% of patients in which imaging for LBP was not indicated received imaging, 19 suggesting substantial practice variation across EDs. Aligning imaging practices with appropriateness criteria is a primary goal of international campaigns such as Choosing Wisely 21 and consensusbased research agendas in emergency medicine. 22 To support this goal, interventions to reduce image ordering among patients with LBP in both primary [23] [24] [25] [26] [27] [28] and acute [29] [30] [31] care settings have been recommended. A recent systematic review demonstrated that interventions providing clinical decision support (CDS) in the primary care setting significantly decreased unnecessary imaging among LBP patients. 31 No reviews have explored whether this effect is also observed in the ED setting. The objective of this systematic review was to identify, describe, and examine the effectiveness and fidelity of interventions aimed at reducing image ordering in the ED for patients with LBP.
METHODS
An a priori review protocol was developed following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement 32 and was registered with PROSPERO (registration no. CRD42016037795). Ethics approval was not required for this review.
Searches and Data Sources
Six bibliographic databases (MEDLINE, EMBASE, EBM Reviews, SCOPUS, CINAHL, and Dissertation Abstracts) were searched from inception until May 2016 by a health science librarian (DKL). The search strategy consisted of controlled terms regarding the population of interest and outcome, including emergency department, low back pain, and imaging (see Data Supplement S1 [available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/ace m.13376/full] for full search strings). The search was updated in March 2017.
The gray literature search included a search of clinical trial registries (Cochrane Central Register of Controlled Trials with ClinicalTrials.gov), Google Scholar, and forward searches of SCOPUS/Web of Science for all included articles as well as searching of the reference lists of included articles and related systematic reviews. Additionally, the abstracts from emergency medicine conferences including the Canadian Finally, experts in LBP were also contacted (January/ February 2017) to determine if they were aware of any additional studies that had not been identified in the database and gray literature search. No studies were excluded on the basis of language or publication status.
Study Selection
Studies were considered for inclusion if they were experimental or observational in design with a comparison group and assessed the effectiveness of an intervention aimed at reducing image ordering in adult patients (≥17 years) presenting with LBP to the ED or other acute care setting. In studies where age was not reported and a pediatric population was not specified, it was assumed that the majority of participants were adults. Studies were required to report the change in the proportion of LBP patients who received imaging in the ED to be included in this review. This review explored the intervention implementation strategies and intervention fidelity. The primary outcome was the change in the proportion of LBP patients who received simple and advanced imaging in the ED. The secondary outcomes of interest included factors associated with ordering imaging (e.g., demographics, acuity); quality of life; health service utilization (e.g., hospitalization, discharge, length of stay); repeat ED presentation within 72 hours; and satisfaction (patient or provider).
Two reviewers (CL, SD) independently reviewed titles and abstracts to identify potentially relevant studies. Once identified, full-text review was completed by two independent reviewers (CL, SD) to determine their eligibility for inclusion based on the aforementioned predefined inclusion/exclusion criteria. Disagreements were resolved via discussion with a third reviewer (LDK, SWK).
Data Extraction and Quality Assessment
Two reviewers (CL, SD) independently extracted data from all included studies using predeveloped standardized forms. Details on the pre-and postintervention groups' patient demographics, ED management, and imaging utilization were extracted, as well as the description and implementation of the intervention. Discrepancies in extracted data were discussed, and disagreements were resolved by thirdparty adjudication (LDK, SWK). The data were extracted onto summary of finding tables and verified for accuracy (LDK, SWK). Study authors were contacted to clarify any missing or unclear data, specifically the implementation strategies employed for each intervention.
Two reviewers (CL, SD) independently assessed the methodologic quality of the included studies using the before-after quality assessment (BAQA) checklist. 33 The checklist assesses quality based on the selection and comparability of pre-and postintervention groups, assessment of outcome, time point and description of intervention, and time frame of data collection for preand postintervention groups. The results of the independent quality assessment were discussed with an adjudicator (LDK, SWK) to verify the results and to mediate any disagreements.
Intervention fidelity was assessed for each study using the Treatment Fidelity Assessment Grid. 34 Briefly, fidelity assesses the reliability and validity of the interventions by examining the methodologic strategies used to create and implement the interventions, as well as measure whether the intervention was implemented and received as intended. The Treatment (or intervention) Fidelity Assessment Grid guides the assessment of fidelity for each study using five domains: the intervention's theoretical foundation, providers' training, intervention implementation, intervention receipt, and subsequent intervention enactment. 35 Fidelity assessment was completed independently by two reviewers (LDK, SWK) and the results were discussed with a third party (CVR) who settled disagreements and verified the accuracy of each domain's assessment. For this review, the theoretical foundation domain was interpreted as studies that used published guidelines or clinical decision rules or those who designed local interventions based on sitespecific data.
Data Analysis
A descriptive analysis was performed. Inter-rater agreement was measured using the kappa (j) statistic and assessed as slight (≤0.2), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.8), and almost perfect (0.81-0.99). 36 The relative percentage changes in imaging ordering before and after implementation of the intervention were calculated for each imaging modality in each study. If possible, the odds ratios (ORs) were calculated and reported with 95% confidence intervals (CIs) using a random-effects model. A random-effects model was used because it was assumed that the study effect sizes would not be identical due to the inherent clinical heterogeneity among the studies. For the frequency of clinically significant injuries identified by diagnostic imaging, its absolute percentage change postintervention was calculated and reported with 95% CI using a random-effects model. Significant heterogeneity was observed in the intervention, imaging modality, and outcome assessment, which prohibited the pooling of data as well as a priori subgroup and sensitivity analyses.
RESULTS

Search Results
A total of 603 unique studies were identified though the electronic and gray literature searches. Figure 1 outlines the study selection process, which resulted in a total of five included studies. [28] [29] [30] 37, 38 Twenty-one studies were excluded for the following reasons: not a primary research study (n = 13), ineligible study population (e.g., non-ED population; n = 4), absence of a control group (n = 2), or absence of an intervention aimed at reducing imaging (n = 2). There was substantial agreement between the reviewers in identifying included or excluded studies (j = 0.76). Since few studies met the inclusion criteria, several experts (16 clinicians/researchers) in LBP were contacted via email in an attempt to identify additional relevant studies. Nine (56%) of the LBP experts responded to these requests; no additional studies were identified through this process.
Study Characteristics
Study characteristics are summarized in Table 1 . All five studies, published between 1987 and 2017, implemented the intervention in the EDs of teaching hospitals in Canada, 37, 38 the United States, 28, 29 or the United Kingdom 30 and employed before-after study designs. Three studies 28, 30, 37 were published in peerreviewed journals and two studies were conference abstracts. 29, 38 All studies recruited adult patients presenting to the ED with LBP; however, no study specified how many patients presented with traumatic or nontraumatic LBP. Two studies failed to report the number of patients enrolled in the pre-and postintervention groups. 28, 29 Reported imaging modality varied across studies and included simple radiography, 28, 30, 38 computed tomography (CT) and myelography, 2 magnetic resonance imaging (MRI), 29 CT, 29 and medical imaging unspecified. 37 While four studies 28, 30, 37, 38 reported the proportion of LBP patients undergoing imaging, one study only reported the number of imaging referrals in the pre-and postintervention periods and no additional information was received following author communication. 29 Quality Assessment A summary of the BAQA is presented in Table 2 , highlighting the low quality of studies included in this review. There was almost perfect agreement between the reviewers (j = 0.88). While all of the studies included representative pre-and postintervention groups, two studies did not adequately describe the intervention, 28, 29 and details of the point in time when the intervention was implemented were unclear in two studies. 29, 30 A lack of information on the comparability between groups, [28] [29] [30] 37 and reliable outcome assessment, [28] [29] [30] 37, 38 was common among the studies. One study failed to collect data during a similar time frame for the pre-and postintervention periods. 37 Intervention Description and Fidelity Each of the five included studies examined the effectiveness of an intervention to reduce image ordering for LBP patients in the ED (Table 3) . Four studies implemented additional requisition forms or modified preexisting image ordering forms/procedures, none of which were required to be used for imaging to occur. [28] [29] [30] 37 Baker et al. 28 introduced CDS through a requisition form for lumbar spine radiography, which listed three indications for LBP imaging: trauma, focal neurologic findings, and other. When physicians selected "other," a one-to two-sentence summary of clinical findings was required along with Records identified through database search n = 800
Records screened n = 603
Full-text articles assessed for eligibility n = 26
Studies included in the review n = 5
Duplicates n = 197
Irrelevant n = 577
Excluded n = 21
• Not a primary research study (n = 13)
• Inappropriate study population (n = 4)
• Absence of comparison group (n = 2)
• Absence of intervention (n = 2) a signed approval from a specific senior physician. While physicians were strongly encouraged to use the new requisition form, use of the form was not mandatory. Tracey et al. 30 developed a site-specific CPG based on the known natural history of LBP and the results of local data. The guidelines, which contained 11 criteria for lumbar spine radiography, were agreed upon through consultation with staff in the radiology, emergency, and neurosurgery departments. Haig et al. 29 introduced multidisciplinary protocols called FastBack in the ED, which included staff education, patient intake forms, unspecified physical therapy protocols, and physiatrist agreement to see ED patients within 48 hours. Min et al. 37 implemented a locally developed CDS tool, which employed a series of questions and checklists added to a preexisting computerized order entry form used by physicians when requesting medical image ordering. In addition, LBP patients who were not investigated via medical imaging were provided with education materials outlining when imaging is required, options to manage their symptoms, and information on when to seek medical assistance, as well as receiving the Choosing Wisely Canada patient pamphlet which they were encouraged to review with their family physician. The study did not, however, report whether staff were trained in the use of the new CDS tool. One study assessed an education-only intervention. 38 Chandra et al. 38 implemented a targeted knowledge translation (KT) intervention of the Choosing Wisely Canada recommendation "do not order lumbar x-rays for nontraumatic LBP unless red flags exist." The KT initiative 28 Tracey, 1994 30 Haig, 2012 29 Chandra, 2017 38 Min, 2017 was implemented via a 1-hour video seminar, departmental posters, and assessing physician knowledge of the recommendation via a before and after awareness survey. Although physicians comprised the main target of all the studies, they were in different specialties with variable levels of training across studies. One study 30 targeted general junior physicians rotating in the ED, while another study targeted surgery, internal medicine, and emergency medicine residents. 28 Two studies focused on ED physicians only, 29, 38 while one study targeted both ED physicians and patients who did not undergo imaging. 37 Intervention Fidelity. Data Supplement S2 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wile y.com/doi/10.1111/acem.13376/full) presents a summary of fidelity assessment. Regarding fidelity to theory, only two studies reported that their intervention was based on a theoretical framework of expert opinion and previous research, although fidelity was not assessed in either study. 30, 37 None of the included studies provided details regarding intervention provider training. Regarding intervention implementation, studies tended to report some methods to ensure fidelity, including educational sessions or materials 29, 30, 37, 38 or introducing a new requisition form including new criteria for imaging. 28, 30, 37 The majority of studies reported the steps to ensure intervention receipt; however, few studies reported measuring the knowledge or understanding of the interventions by the ED staff receiving the educational materials. Regarding intervention enactment, two studies reported monitoring the long-term use of the interventions following the end of the study; 28, 30 however, only one study reported the results of this extended assessment. 28 Primary Outcomes Change in Image Ordering. Change in ordering among the included studies is summarized in Table 4 and the relative change in image ordering is summarized in Figure 2 . Overall, four studies reported a decrease in the relative change in imaging for a specific imaging modality. Following the introduction of a new requisition form for ordering radiography by Baker et al., 28 the total number of lumbar spine radiography referrals within 1 year decreased from 1,443 to 759 (relative reduction [RR] = 47.4%). Tracy et al. 30 reported a decrease in the proportion of simple lumbar spine radiography referrals (OR = 0.40, 95% CI = 0.25-0.64) 5 months following the introduction of a LBP CPG (48.4%-27.2%, RR = 43.8%). Haig et al. 29 reported that 6 months following multidisciplinary protocol implementation, the proportion of patients referred for MRI decreased from 11.5% to 8.5% (RR = 26.1%). Following the implementation of a CDS tool, Min et al. 37 reported that medical image ordering decreased from 22% to 17% (RR = 22.7%, OR = 0.71, 95% CI = 0.61-0.82).
Three studies reported an increase in a specific image modality following implementation of the interventions Table 4 and Figure 2 ). As reported previously, while Baker et al. 28 reported a decrease in referrals for simple radiography after implementing a new requisition form, there was a minor increase (relative increase [RI] = 5.4%) in the number of patients referred to CT and myelography (an increase from 13 to 15 patients during the same period). Following the implementation of a multidisciplinary protocol, Haig et al. 29 observed an increase in CT ordering, however, no data were reported on the proportion of patients obtaining CT. Finally, during a 4-month span following implementation of a KT intervention, Chandra et al. 38 reported an increase in simple radiograph ordering from 12% to 16.2% (RI = 35%, OR = 1.41, 95% CI = 1.05-1.91).
Secondary Outcomes
Proposed secondary outcomes identified in the protocol included factors associated with image ordering, quality of life, and satisfaction could not be examined due to a lack of available data. While authors of all included studies were contacted for their original data to examine factors associated with ordering imaging, no data sets were received. Clinically Significant Injuries. Only two of the five included studies reported clinically significant findings of imaging ordered for LBP (Table 5) . 28, 30 Baker et al. 28 identified a 4.3% increase (95% CI = 1.6%-7.3%) in clinically significant findings in simple lumbar spine radiographs following recommended CDS implementation. The percentage of clinically significant findings in CT and myelography increased by 30.7% (95% CI = -11.3% to 51.2%). 28 Tracey et al. 30 defined clinically significant findings as lytic or sclerotic lesions, fractures, spondylolysis, or transitional vertebra congenital anomalies and observed a 2.5% CDS = clinical decision support; CT = computed tomography; KT = knowledge translation; MRI = magnetic resonance imaging; NR = not reported in original study. *Negative value represents a decrease in imaging in the postintervention group compared with the pre-intervention group. †An increase in CT scan use but no specific number was reported. decrease (95% CI = -15.1% to 11.1%) after exposure to CPG. Only one study reported on the occurrence of missed diagnosis following the intervention. Min et al. 37 reported that one minor thoracic spine compression fracture was missed postintervention; however, management was not likely impacted.
Repeat ED Presentation. While none of the included studies assessed ED revisits within the time frame specified in the protocol (i.e., 72 hours), two studies reported on whether patients returned to the ED following their initial assessment at later time points. 29, 37 With the use of multidisciplinary protocols, Haig et al. 29 reported the revisit rate to the ED within 1 month decreased from 10% (preintervention) to 2% (postintervention), an absolute reduction of 8%. Min et al. 37 reported a nonsignificant decrease in the percentage of LBP patients who did not receive medical imaging, who returned to an ED within 30 days following implementation of the CDS (8.2% preintervention vs. 6.9% postintervention; OR = 1.21, 95% CI = 0.94-1.54).
Health Service Utilization. With the use of multidisciplinary protocols, Haig et al. 29 reported that the number of patients referred to physical therapy increased from 0 to 23, while the number of patients referred to physical medicine and rehabilitation increased from 13 to 38.
DISCUSSION
The goal of this systematic review was to identify, describe, and examine interventions to reduce the proportion of patients presenting with LBP who received simple and advanced imaging in the ED. Using a registered and structured protocol with efforts to avoid publication and selection bias, as well as communications with LBP experts, only five studies could be identified that examined interventions to reduce image ordering in the ED for LBP patients. [28] [29] [30] 37, 38 The interventions examined in these studies included CDS tools (Baker et al. 28 and Min et al. 37 ), a CPG (Tracey et al.) , 30 multidisciplinary guidelines (Haig et al.) , 29 and a KT initiative (Chandra et al.) . 38 Overall, while four studies reported a decrease in relative change in ordering (Baker et al., 28 Tracey et al., 30 Haig et al., 29 Min et al. 37 ), the low-quality methods (i.e., before-after designs) and the heterogeneity of image modality assessed, and interventions examined across the included studies limited the ability of the review to pool data and to make a clear recommendation regarding the effectiveness of a specific intervention to reduce imaging in the ED for patients with LBP. Several aspects of the results are worth highlighting further in the context of the literature. First, studies in this review reporting the largest effects were also the oldest studies. 28, 30 This suggests that various indications for imaging that have been studied and well documented since 1995 have become part of regular clinical practice. This may contribute to observing smaller reductions in the imaging referrals in more recent studies. Second, in some cases, an intervention which reduced imaging referrals for one imaging modality, increased image referrals for another modality. Baker et al., 28 which examined a CDS tool that provided the indications for needing radiography and Haig et al., 29 which examined multidisciplinary guidelines reported a decrease in simple lumbar spine radiography and MRI, respectively; however, both studies noted an increase in the number of patients being referred to CT 28, 29 and myelography. 28 These results highlight potential unintended consequences of interventions targeting a reduction in one specific image modality such as simple radiography, in which physicians who still wish for a patient to undergo imaging may utilize a different imaging modality. This needs to be examined in future research. Third, as noted in the fidelity assessment, three studies which reported a decrease in patients receiving image referrals (Baker et al., 28 Min et al., 37 and Tracey et al.
30
) reported using a new requisition form or clinical tool that included criteria required for imaging. None of these studies required the new requisition form or clinical tool be completed for medical imaging to be ordered.
In contrast to the other studies included in the review, Chandra et al., 38 which assessed a KT initiative, reported an increase in radiography. While it is unclear why this increase was observed, several possible explanations exist including the lack of CDS or implementation of forms or tools that attempt to limit the number of imaging referrals physicians could request or a potential contrarian effect among the physicians in response to the KT initiative. 38 With the recent increase in guidelines for imaging referrals and Choosing Wisely recommendations, it is possible that some physician's may experience change fatigue, which could impact the ability of interventions to induce behavior change. 39 Overall, the effectiveness of the interventions reported in this review may have been informed by whether the CDS was provided and mandated, the incorporation into clinical practice flow, the implementation strategies themselves, 40 and patient engagement in the imaging decision making. 41 Reframing how imaging decisions are made in the ED and adopting a more patient-oriented approach to these shared decisions may substantially influence utilization and the use of decision support tools. Introducing a larger reframing of the physician-patient relationship in medical education is likely to be an important facilitating factor of this shift in LBP imaging decisions and beyond. 42 There are multiple reasons why this review found limited evidence for the effectiveness of interventions designed to reduce imaging for LBP in the ED. First, ED physicians are often subject to many pressures that encourage excessive imaging for LBP 43 including fear of litigation, 44 a culture of a need for diagnostic perfection and intolerance for errors, 45 and a paucity of studies establishing the accuracy of history and physical examination for ED patients with LBP. 46 Furthermore, there is the lack of clarity on the optimal proportion of patients with LBP to image. 18 Physicians may be reluctant to adopt strategies to limit imaging without clarity on the optimal imaging proportion. Second, the studies were inconsistent as to whether they reported the steps to ensure or assess intervention fidelity. Consequently, it is unclear as to whether the interventions were ineffective or simply poorly implemented. Both the shift in imaging modality and the insufficient reporting on fidelity suggest that future research should focus on interventions with specific primary (i.e., radiology ordering) and secondary (i.e., unintended consequences, costs, ED length of stay) targets and improve the rigor of reporting, specifically on the intervention and implementation strategies. Tools such as the Standards for Reporting Implementation Studies (StaRI) guidelines have the potential to lead the way in improving implementation study reporting, especially if adopted on a large scale. 47 Third, the effectiveness of interventions to reduce imaging is likely influenced by the health care system and site in which the intervention is implemented. For smaller or rural sites, the costs, training, and manpower associated with implementing these interventions maybe not be feasible. Local remuneration practices may also influence diagnostic imaging referral proportions 48 and could likely influence not only the success of interventions to reduce imaging, but also affect a sites willingness to implement such interventions. Policy measures and performance metrics at the system and hospital levels (e.g., utilization metrics, appropriateness measures) combined with implications at the individual physician level through remuneration need to be explored to effectively and comprehensive address increasing imaging and incentivize imaging appropriateness. 49 Despite the well-publicized need for research to optimize imaging referrals in the ED, 50 as well as the presence of campaigns identifying LBP imaging in the ED as a priority area, 21 ,51 this review identified only five studies. Two of the included studies (Min et al., 37 Chandra et al. 38 ) were published within the past year (2017) and could represent an imminent increased emphasis on research involving reducing unnecessary testing. Additional studies, specifically those utilizing higher methodologic rigor, are strongly recommended to provide clarity regarding the effectiveness of interventions to reduce LBP imaging referrals in the ED.
A previous systematic review, Jenkins et al., 31 investigated the effectiveness of interventions to reduce imaging for patients with LBP in both primary care and hospital clinical settings. Overall, Jenkins et al. 31 reported similar results with the current review: a limited number of interventions were effective in reducing imaging for LBP. For the primary care setting, the review concluded that CPG alone or CPG implemented with feedback or physician education were not effective in reducing lumbar imaging. While Jenkins et al. 31 included six studies set in a primary care setting, only one study 28 was identified which was set in the ED. In contrast to these results, 31 the current review was able to identify four additional included studies 29, 30, 37, 38 that assessed an intervention to reduce LBP imaging in the ED. The additional studies identified in the current review could be due to an updated and expanded literature search compared to Jenkins et al. 31 
LIMITATIONS
There are several limitations to this systematic review. Given the wide variety of ways that ED interventions are indexed, it is possible some studies might have been missed. This is very unlikely since a comprehensive search of the published and gray literature was conducted without restrictions on language or publication status. Selection bias is a common concern in systematic reviews; however, steps to mitigate this bias were taken, including independent dual screening for relevant studies, with an independent third-party mediator for disagreements. Publication bias could not be assessed due to the small number of included studies. 36 In addition, there are several factors inherent to the studies included in this review that limited the generalizability of this review. First, none of the included studies were randomized controlled trials, which are more methodologically rigorous than before-after studies. In addition, only five studies could be identified. Across the studies, outcomes were inconsistently-and in some cases, incompletely-reported, including the majority of our preplanned secondary outcomes. Several factors, including variation in the imaging modality and intervention assessed and reporting of the outcomes as well as differences in healthcare policies and practices at study EDs, prevented the generation of a summary estimate of the effectiveness of interventions designed to reduce imaging for LBP patients in the ED. The paucity of available research on interventions to reduce LBP imaging referrals in the ED highlights an opportunity for funding agencies to fund high-quality research on imaging appropriateness for LBP as well as other conditions which focus not on technologic advances in imaging, but the use of these imaging modalities through primary research studies as well as administrative data analyses.
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CONCLUSION
Across the included studies, the effectiveness of interventions to reduce image ordering in patients with low back pain was mixed. On the one hand, a variety of interventions seemed to be effective in decreasing the ordering of simple lumbar imaging for radiography and magnetic resonance imaging; however, in some cases, imaging proportions for other imaging modalities increased. Interventions that were employed in studies that resulted in reductions in imaging included clinical decision support, clinical practice guidelines, and multidisciplinary protocols. However, the limited methodologic rigor and the inconsistency in outcome measurement and reporting consistently highlighted the urgent need for more advanced study designs. Based on the current literature, there is inconclusive evidence to support which interventions are effective at reducing imaging for patients with low back pain in the ED. In summary, despite being identified as a key area of imaging overuse (e.g., Choosing Wisely), current evidence on interventions aimed to reducing imaging for low back pain in the ED is sparse, and additional high-quality studies are urgently needed. 
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